symptoms. From the epidemiological point of view, it is critical to define the microorganisms involved in the etiology of the bovine mastitis, to determine the reservoirs and the sources of infection, and to adopt appropriate hygienic measures and a strict monitoring program.
Staphylococcus aureus and coagulase-negative staphylococci (CoNS) are the major agents of contagious bovine mastitis in several countries and are recognized worldwide as a major public health issue, since they cause serious diseases in humans and animals and have great ability to become resistant to antibiotics (Aires-de-Sousa, 2017; Botrel et al., 2010; Santos et al., 2016) . Methicillin-resistant S. aureus (MRSA), which is resistant to all beta-lactams antibiotics, are of particular concern, as recently, these strains have also emerged as a widespread cause of infections in the community and in animals, besides hospitals (Chambers & DeLeo, 2009) . Moreover, albeit majority of bovine mastitis pathogens are susceptible to the antimicrobials used for treatment, some studies have indicated an increasing resistance among S. aureus and especially CoNS to β-lactam antibiotics, including previous study carried out in Staphylococcus strains from Minas Gerais, Brazil (Botrel et al., 2010; Kalmus, Aasmae, Karssin, Orro, & Kask, 2011; Santos et al., 2016) .Surveillance of resistant staphylococci and the accurate diagnosis of these bacteria are critical for appropriate mastitis treatment and for the identification of risks to the general population, as strains generated in the livestock environment can spread to the community by contact with infected animals or contaminated animal products.
However, besides the identification of the pathogens involved in mastitis, it is also important to use highly discriminatory methods for the characterization of these isolates, which will allow to trace back the outbreaks, to understand the transmission routes, and to control the disease spread (Boffetta, 2000) . The pulsed-field gel electrophoresis (PFGE) of bacterial isolates from mastitis has shown a high discriminating power, especially for S. aureus, being considered the standard method for epidemiological studies of this species (Goering, 2010) . This technique has been extensively used for the comprehension of the epidemiology of both endemic and epidemic MRSA strains from different origin (livestock, community, and hospital), contributing for the elucidation of the epidemiology of staphylococcal infection in all regions of the world. Thus, the aims of present study were (a) to determine the antimicrobial susceptibility profile and (b) genetic diversity, using PFGE, of Staphylococcus spp. strains isolated from dairy cows with mastitis in Minas Gerais, Brazil, and (c) to assess the relationship among the susceptibility profiles of the isolates, epidemiological data, and PFGE genotypes.
| MATERIAL S AND ME THODS

| Bacterial isolates and culture conditions
Seventy-nine isolates of Staphylococcus spp. (S. aureus n = 71 and CoNS n = 8) previously isolated from milk samples of dairy cows with mastitis and S. aureus ATCC 25923
T were used in the present study (Santos et al., 2016) . 
| Antimicrobial susceptibility testing
| DNA extraction and pulse field gel electrophoresis (PFGE)
Preparation of DNA of S. aureus and CoNS strains was performed as described by Mulvey et al. (2001) . All Staphylococcus spp. isolates were subjected to restriction-endonuclease digestion and PFGE strictly following the procedures as described by Mork, Tollersrud, Kvitle, Jorgensen, and Waage (2005) .
The number and size of the DNA fragments obtained in PFGE were assessed using the software BioNumerics 7.5 (Applied Maths, Belgium). Clustering analysis was performed based on the Dice coefficient and the unweighted pair group method with arithmetic mean (UPGMA) using the same software. The Hunter and Gaston Diversity Index (HGDI) was calculated (Hunter & Gaston, 1988) (http://insilico.ehu.eus/mini_tools/discriminatory_power/index.php). The minimum-spanning tree (MST) was generated to assess the association of clustering patterns of the isolates and antimicrobial susceptibility profiles, herds, MRSA, or municipalities. MST presented is the one with the highest overall reliability score and was performed using the UPGMA to calculate the distance matrix Prim's algorithm associated with the priority rule and the permutation resampling (Feil, Li, Aanensen, Hanage, & Spratt, 2004) .
| RE SULTS AND D ISCUSS I ON
Staphylococcus spp., particularly S. aureus, stands out as one of the most common agents involved in the etiology of bovine mastitis. 
Notes. Susceptibility profiles highlighted in gray exhibited resistance to three or more classes of antimicrobials, being considered multidrug-resistant profiles. In addition to veterinary importance, there are also implications in public health due to the potential for zoonotic spread of these microorganisms, besides the emergence of resistant and multidrug-resistant pathogens among animal isolates (Chambers & DeLeo, 2009 The high frequency of resistance to some of the main antimicrobial drugs such as penicillins, folate pathway inhibitors (sulfonamides), and tetracyclines (Table 1) (Tables 1 and 2 ). Among CoNS, a high rate of resistant (≥50%) to seven of the twelve antimicrobial tested was observed, which is of special concern, since this agent is ubiquitously distributed in nature among several species inhabiting different ecosystems and have become increasingly recognized as an important agent of nosocomial infection (Piette & Verschraegen, 2009 ). However, it is important to take into account that given the small sample size of CoNS isolates, it is difficult to draw clear conclusions about susceptibility profiles in this population. Anyway, albeit not surprising, the large amount of CoNS deserves major attention, due to the potential risk of animalto-human transmission of these strains. Indeed, it is important to consider that these microorganisms were found in milk and the majority of the Queijo Minas Artesanal, hand-made cheese produced in the state of Minas Gerais, are made from raw milk, highlighting the potential public health hazards related to the consumption of CoNS-contaminated food (Costa Sobrinho et al., 2012) . Moreover, a recent study conducted in Minas Gerais showed a high count (10 6 -10 7 CFU/g) and a high frequency of resistant and multidrug-resistant CoNS isolated from soft cheese (Minas cheese) (Fontes et al., 2013) , reinforcing that the food chain can be considered an important source for antibiotic-resistant bacteria to human populations.
Similarly to what was observed in other studies, in addition to oxacillin, all our MRSA isolates were also resistant to penicillin and tetracycline (Bardiau et al., 2013; Fessler et al., 2010) . The low frequency of MRSA strains among S. aureus isolates from bovine mastitis observed in the present study has also been commonly reported elsewhere (Bardiau et al., 2013; Fessler et al., 2010; Moon et al., 2007) . However, even at low frequency, it is worth noting that livestock-associated MRSA (LA-MRSA) can also contribute to human MRSA infections, which will vary in importance depending on other epidemiological variables present, as consumption of raw milk and milk products. In addition to resistance to all beta-lactams, isolates resistant to three or more antimicrobial drugs were also considerably observed, representing 11 of the 22 different antimicrobial susceptibility profiles depicted ( Figure 2 ). As the antimicrobial used in animal production is the same used to treat several zoonotic infections in humans, these finding strengthen the argument in favor of the prudent use of antibiotics by farmers and veterinarians.
F I G U R E 2 Dendrogram (a) and minimum-spanning tree (MST) (b) of the 79 isolates of Staphylococcus spp. isolated from cows with mastitis in dairy herds in Minas Gerais state using PFGE data. The numbers in parentheses correspond to the number of isolates within each PFGE profile (P). The MST presented is the one with the highest overall reliability score and was calculated using UPGMA (unweighted pair group method using arithmetic averages) associated with the priority rule and the permutation resampling Adopting 100% of similarity, 34 different genotypes were identified among the 79 Staphylococcus spp. isolates evaluated by PFGE. Figure 2 shows the cluster analysis (dendrogram and MST) 
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